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(54) WAVEFORM EQUALIZATION METHOD FOR QAM DEMODULATOR 

(57)Abstract: 

PURPOSE: To simplify the waveform equalization 
independent of the extent of distortion by switching 
algorithms in a constitution using a simple evaluation 
function with respect to waveform equalization in a 
QAM demodulator. 

CONSTITUTION: An orthogonal detection means 101 
demodulates an input signal into an I signal and a Q 
signal. TRFs 102 to 105 take the I signal and the Q 
signal as the inputs to generate distortion eliminating 
signals. Adders 107 and 108 output the I signal and 
the Q signal where distortion is eliminated by 
addition or subtraction of outputs of TRFs 102 to 
105. A control means 106 takes the output of the 
orthogonal demodulator 101 and outputs of adders 
107 and 108 as the input to evaluate a maximum 
value of the absolute value or the sum total of error 
at that time and switches plural algorithms in 
accordance with the evaluation result to obtain the 
tap coefficients to be given to TRFs 102 to 105. 



15 



' T ^— — V 



r ItO 



\w^m. I 



» V7KI 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 



[Date of registration] 

[Number of appeal against examiner s 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2000 Japanese Patent Office 



ma^i^mmffff (jp) 



(12) ^ ^ il^ It « (A) 



#^¥8 - 335895 

(43)^110 ^ja8^(1998)12fll7B 



(BDinta.' mimn jfF*3S3a#^ fi msm^mm 

H0 4B 3/06 H0 4B 3/06 E 

H0 3H 21/00 8842- 5J H0 3H 21/00 

H0 4L 27/01 H0 4L 27/00 K 



«*JB<0»2 OL 9 H) 





4$e77-142^ 


(71)a®A 


000005108 










<2S)imB 


siijft7^(1995)6^9B 










(71)UJI8SA 


000233136 






















(72)5m« 
































(74) 













(54) [529^09=3^] QAimmm\z^if^mmit^ 



(57) 

m^icwM-r^o TRFio2~io5ii, mm i 

MW^lOl. 10 8«, TRF 1 0 2~1 0 5<Dm* 

mt)^^. um^m. i o e a, m^^mm i o i ©mij 

i;itiW^i 0 7, 1 0 8(Z)ffi:d$:A:^jL> -e®^*®^ 
^8S[<Z)T;1/:?UXAS:<3J^xTTRF 1 0 2-1 0 5^ 




i~ LOS 
A , . - - 



118 



4 H«|M»iraa|i 

I v. 




1 

^m^^B^-t^h'yyT.A—ij-jiy^ju^zt.. lis 

mm^n o mm^m 2 n . lusa^ ^ u 1 (Dm:^j i: tfrsanj 
%wm. 2 ©m:d<z)M%tm-r -s^^tm^m 2 mm 

U 2lc-Ki#$tifc7^-^iittfSatimilom:tfS:A*Lffl 

faW^II®ffi;^j2:^^x-SM1»«#S:ffi:^t-S^#^fiJ»T 

[»#3S2] 2o(Dii:55-rSjlRl?2glCj:oT^Ei$tl^ 

ttJlB'fSiifS-^ S: A:^J L I M# i: Q^-t 5: m*i-S 
igiMi:, SfflBE3S'^jS^S®ffi:tr-rs l#-^&AiJL 

;i/-7-<;b^ 1 ii, Q'fS-f-S:A;dLe:J)-ef3«)aM^(cj: 



( 2 ) 8-335895 

2 

Q«-^^(Z) □ X h - Sfg-^ $:^fiKt- 
•5 h^>;^>''«— 9-;i/7'<;i/^Jf 3 i:, Q I ■fS-^^ 

v-)vy^)v^4t. tffiah^>:xA—^^;l/7^';l/^ 1® 
ffi^Tb^ejfffSa 3 (om:^$:MS 
L ^ P X h - 5: IS^* L fcl fi-f- 5: ffi* -r -5 m 1 <Z)Jn^ 
tlii, ttifBh^^:^/'?— 9-;i/:7^';i/^ 2, 4®ffl:*;5:in 
Wb^OX h-^$:|^*bfcQfg^S:mt>1-€>^2<^Jn 
ttfSami, ll2(Di(n^f|(Dffi:^ji:BffiBi£x^iS^ 
10 ^^(Diati^AtiLx. fffiah5>;^A— 

1~4 S:0J^-r-5MW©5::*^iL, 

^Ult, striaUK m2(D*II^H(DmiJ$:«fip^-2>;i 
it. Bufia;<^U l®aiiJ$:^g'Ji--g>iiSSiJ^®l 

mm:'^=^') loymiJtmmmm^mKDiatKom^ 
tm-t^mmtm^m.! t. mMEmm^mi titm^£^ 
Mwm7omm^&.2 1, ttfia^^u i<DmiJtmmm 
m^m. 2 (Dm±i<Dm^9mr?>mmMm^m 2t. stfia 
w^mtm^m. 1 ttugB^ntm^s 2 (Dinijiimmxx 

20 ffl:^j-r-5^^^ii, t(ftamMit*CMi<Z)ai;d5:A;^U 
ffP«LTB(fiatr«IHom*S:W;i-SMMi:, 
U 2{C-gSSF$*ife5-*-^f htffia^O^H®ffi*$:A:^Jb*B 

^(DmmrMm^^fB 3 <Dmnmt. mm^ 3 ©jnw 
«i®ai:*j5:SB'ii-rsgB'e#mi:, mmm^mc^w^ 

mmthxr)i^vxj^^wm^^^t^mmt-t^Q 

[0 0 0 1] 
[0 0 0 2] 

L, 1 6#QAM^6 4|tQAM^lV^e) J;e)tC#ffl'ft:-r 
S il, ttig?5SA7^ 1/ If t^- a >^^|8ifT 1 9 9 4 1/ If 
2^3 ^^^^i'^:^^^?!^;^*^)!! 2 5 lM7t)^bm2 5 
2H<Z)1 5-1 1 r|5gg6^;fc^-^^> K^^by;U:J'JX 

50 ^^t^T'^^v^o z<Dr^tb. m^i)':K^\<^m^iz{t. mm. 




(3) 



8-335895 



[0 0 0 3] 

fee ^6ffl1-■^.T;^:JUXA#{CMI»8!t;!)^M^ 
[0 0 0 4] 

^ffiMIS 7;b=fUXA 10 

[0 0 0 5] 
[^1] 

J = E C ( I y I 2-R2) 2] CMA 
[0 0 0 6] 
[^2] 

J = E C ( I y I 2-Rn2) 2] DAMA 
[0 0 0 7] 
[^3] 



b) 2] 



RCA 



DD 



Mo 



20 



30 



J = E [ (y 
[0 0 0 8] 

J = E C (y-a' ) 2] 

J : nmmm. 
y : m^^m^mcDm^i 

R, Rn, b, a' : 
E : spil; 

CMA :Constant Modulus Alg 
o r i t hm 

DAMA :Decision Adjusted 
dulus Algorithm 
RCA :Reduced Constellatio 
n Algorithm 

DD :Decision Directed Al 
g o r i t h m 

[0 0 0 9] 

m%mm. 2 i: , m^mm^m KDiatit mm^ ^ u 1 © 
ffi±$:A*bm^?:a}:^-r-smMim#©i ii, mm^ 



Mft®#m2®m*&w^Tm;t;-r-5«^ii. tffia 

*n^^®ffl*$:A:^-r-5^^U 2i:, Bul3;<^U 2(Z)m 
:^Jiltaia«jm^<7)ffii3$:A*-r-S^9M?tm#©il. MfB 
ffiK^^^moffi^S: A:t? LboIB S ^ 9-;i/7 -C 

[0 0 10] 

«i#-rSo sffiHiggiiM 1 luia^^u uc'^i^^s 
1 {*> mrn^ ^ u 1 (Diii±ttmtEm.wmm 

U 1 ®m:tr5:A:^/biE(DT-*-^;!)^:ft®T-'-^j!)^S:miJ-r 

s= Bifis^Msm^e 2 li, lufa^i ^ u 1 (Diatitmm 

mmnm^m kdh^jjh mmmmtm^m 2 © 
si^Tm:^;-r-S), itfsa^^'j2«, sssasn^ncDaj:^?: 

^If-tS, BffiB^MMW#mti> fflB^^U 2®«^tt- 
S7-*-^^:l^fiB^«ltl®m:tl(D^BMM^5:^fe)o BfffH<5? 

>^^^ft^^l8», BfrflBfflMM^^IS® ffi:^; S: A* b 
Safe h ^ >x A— ^ tc^xS ^ >v ^■g^gSt&tt 

^bTai:^-r€>, BtfiaM^mtt, ttfiB^Mtt^Mi 
(Dmtj^Ajjv. mm<Dmm^t^\i.. mzkm^^ubx- 

2 (Z)ffl;d;ft^ BtrlB^MItW^ IS 1 © m:^tc^m^ 
s z: t T' T ;i/ :J U X A<OiJjm o 
[0011] 

[HiSM] HUC, :*:|§^(Z)^i!fw(7)«M$:^^= 10 
HittiS^iSM, 1 0 2-1 0 5«h^>x/i— 

^-f;!/^ (JSATTRFi:BS^) , 10 6itUm^m. 1 
0 7, lOBti, iD^^, 10 9, llOtt^^U, 1 

11, 113 itmmm. 112, 1 1 4 a^sitw 
®, 1 1 5 immmw^m. 1 1 s ttijj^ti, 1 1 7 « 
^^zf^wtm^m. 1 1 8iiffpMMT-&€>= 
[0 0 12] w.inm.m^m. d 0 d it^tswiM 

3nfcM-^5:A;^3b, jftiS^jSLfe 2^^c©^-^$:/iJ:^ 
f-So iSsS^m^m (10 1) <D-:B<7i{i!,ti^im^. 

[0 0 13] TRFl (10 2) it. I^-f-tC-g-StlS 
If§-^05iM«-^$:l§^5SbTm;t;-rSo TRF2 (10 
3) tt, QM-^lc-g-tns iM-^oi^n;^ h-i'fig^S: 
Ig^^-t-Sm-^Sr^figb-Cm^l-So TRF3 (10 4) 



5 

-r-5^^$:*^UTffl±-r-g>„ TRF4 (10 5) {±, 

So 

[0014] (107) TRFl (102) 

(DiiiiJii^^TRFS (1 04) <Z)m:^$:MWUM*<DM 

vMM#S:ffl:^i-€.o Jnsc^ (10 8) li, trf 2 

(103) i;TRF4 (10 5) (DBiiJ^ISaWbM^O) 

[0 0 15] mm^m doe) ti, E32^?^^ig d 

0 1) (Dtatlt. mn^dOl. l O S) <7)ffi;tr$:A 
TRF1~4 (102~105) 

[0 0 16] J!>c{c, mm^mi o erop^gp^rSJira-rs^ 

[0 0 17] ^^U 1 (1 0 9) tan^ (10 7, 
10 8) ®ffi:^;&A:^jL«J#-rSo U 2 (i l o) 

ttfl:3<^M¥M (10 1) (Dmi]^A:hLmi^'r^. m 

m^&.l (lll)«^^Ul (1 0 9) (Z)m*5:A* 
1 6fflQAM:^^«4«}C, 6 4 -fBQ AM«C ^ « 8 

5:ffi:^3-rS„ ^MIt^#mi (1 1 2) li^^U 1 (1 

0 9) (Dm^mmm^mi d i d coffi:^jcoM4fm 

[0 0 18] M#|g2 (113) li^l^U 1(10 

mtfn^m2 (ii4)«^^>ji (iO9)0ffi:t;i: 

mm^m2 (i 13) cofnija^m^tmLxiati^^, 
[0 0 19] mt^m (116) «^Mimwi ( 1 1 

2) ilM^it»S2 (1 14) a)ffi;d?:A*U fPtf 

(1 1 8) izmm^nx. if*.e)A^-:&<z)A:^s:ffi 

:*j-rs„ (118) tt, m^tf-^^ISi (1 1 

2) (Diati^AtjL. m^(7^mMm(Dm:kmt.r^itm^ 
^nmmmtLx^i^. mm^ d 1 6) <Dii!,ti^mm 
tm^mi (112) (3Dm;^tct--5:*\ ^iiimM2 
(114) (omMz-r^ii'^n^i^. wmm die) 

[0 0 2 0] ^mmm^m. (115) ji^u 2 d 
1 0) ®ffi:dii^^fi (116) (Dii!,tio^mmm.mn 
v\ ^©M^s:m*-r5» 9-j^mmM\w.^m d 1 

7) fi, ^BMJRW^IS (115) «)ffi*$:AiJL, TR 
Fl~4 (1 0 2~1 0 5) '\-^;t-5^^v>^m5:ft# 

^fdo *a^2:stt, mmmM^m d 1 5) 

[00 2 1] 

[iSC5] tap (i, n) =tap (i, n-1) -a 
• 2 e (k) • X (k- i) 

tap (i, n) : i#@<Z)^?«y:/(Z)n[lIgC7)^>y7^^ 

IS: 

e (k) : ijOSI^ (1 1 6) Offi:^-rSk#S 



4 ) «f^^¥ 8-335895 

6 

x(k-i) : ^^U 2 (1 1 0) (C'gSit-rSk- 

a : mm&m 

[0 0 2 2] 02 Id;, nm^m. d 1 s) (Dm^m^^ 
-r-fu v^mx^^, 2 0 1 i-mnmwm^m.. 202 
ttjti^^s, 2 0 3«fB'iiM, 2 0A\t^mm^m. 

10 ^i^m-^mmt^. 

[0 0 2 3] 

[f5C6] J=max ( | e (k) | ) 

mnmMm^m. (201) t*, MMtmMi d 1 
(2 0 2) tt, mMmmm^m. (201) ©mij^ 

A:dU IB«#© (2 0 3) <D!i!,i:ti:hmLX±^\>Hi 
e>(DT^-^$:ffi*t-5o IB'IS^m (2 0 3) tt, Jt«c# 
S (2 0 2) (^ffi;d$:«i*^S= ^#f!l»T^m (2 0 

4) iBis^^ (2 0 3) (Dun^^^-'^^wmm 
(116) *^e>MMimM2®ai:^J&ai±^u, *cD«g 
iHijiimmMm^mi (112) <Dai;^{c^«iASo 

[0024] &.±iz J: y , fPffiBBigC $:#M^it|gft»fe■ 
[0 0 2 5] msit. wm^m d 1 s) ©02 ttisa 

(Z)«M5:^1-:/n >y ^^ElT'fe-s. 3 o i {i*e^«il 

3 0 2 iitnW^. 3 0 3 ttiH«#S, 3 0 4 

30 {i^pim^mx^^o wmmmit. rk^izmt^^izmm 

[0 0 2 6] 

m7] J=S I e (k) I 

i»*fffl^ii#i8 (3 0 1) itmmm^mi (112) 

(3 0 2) tt, (3 0 1) ©mi; 5: A* 

U IBIS*© (3 0 3) COm:^iljDa[LT^(D^IS$:m 

ij'ts. tBii^is (3 0 3) (3 0 2) ©m 

:d$:«^-r-g>= ^mm^m (304) ia'ii#s 
40 (3 0 3) (DUwr^T'-it^nmmwitLxxtiu 

*)/hs«j#{cM'>bfe^-&tc, ^t^m (116) ©m* 
$:M^f+^#e2 (114) (otii±ii)^immm^m.i 

(112) (Z)ffi:d{Ci?J^;iS„ 

[0 0 2 7] Zl®il^MT'«, 0mO)^-i!t^¥^itL 

m^4-^^<-t^^tit)^x^. m=^i)'^^^^m^iz%mmx 

50 [0 0 2 8] 04, 05{C02, EI3CDM$:^^f5 



7 

(Dfb ^ v ^^-^-ea 6 0 X * J; tj :fe{R!|<Dg|$:9-tC^f6-r ^ o 
^mt--g>^M«, 6 lT*tj;^<6 1' Hi^^. -e3 

[0 0 2 9] |EI7{C, mm^m (10 6) $:V7 h':;^ 

■T-'Si^m^^xmmtm^m. 1 -ecDit^tcMfS-ts^M 
m-^izit. m^ij^i^^^^tpmh. mmm^m2X'<D 30 
MISS: i: L T im nmmmti^-'mmpj.-r iztj^^t x^ 

[EI4] 



H4 




mn eat X!^ 9t!i- 



8-335895 

8 

uig-r, mmmmt)^~^mpj>rizfj:^r^^,^.x\ mm$f 
nm:^^f=:»xmmx^^, 

[0 0 3 0] 

So 

[ESroffi^^SJi^] 

[mi] ^^mo)^iii(Dmmm^^^^u^yi^mx& 

■So 

[H 2 ] HI <Dwm^m(n-m^m^m-ty'u v ^ mx 

[03] igKDWWmw-^^MSr^t-^^n-yi'BI-C' 
[H4] M*^5!)^:^^VN«-^a)«-^,^S'BHgBIXfe-5o 

[0 5] s*•*v^$v^#-^®fi#,cegaaEIX'feSo 
[EI 6 ] 6 4 fflQ AM<Dm^(Dm^<Dm^m.(Dm.±m.\z 
n-t^mmoymnm<Dmm^tmht=.'i^^^f^'rmx^ 

■So 

[07] SK^^jwis?:, vyv^zcyxmmt^m 
[^^i^iiB^] 

1 0 1 -itSe^MM. 102, 1 0 3, 1 0 4, 1 0 

5- h^^x^N'— 9-;b7-f;b^, 10 6-fU^M, 1 

0 7, 1 0 8, 3 0 2 -inatfl, 10 9, 110-:>^=E 

u, 1 1 i-mm^WLi. 1 1 1 

1 3-iigrj#@2, 1 1 4-M^im#e2, 115- 

^iMMSc^a, 1 1 6—w«ifi, 1 1 i-'^v-frnm 
1 1 8 -sFws, 2 0 1, 3 0 1 \tmMmm. 

SIM, 2 0 2 -itiiM, 2 0 3, 3 0 3 -fB'IS^ ' 
2 0 4, 3 04 -#^#^Wt#©o 



[H5] 
B5 





















w 












fir 















$2 



StII ttJIL 



8-335895 



CHI] 




Or 



A 113 



I 



110 115 



116 



JL 



117 



(7) 



8-335895 



[02] 

@2 



201 



202 



203 



204 



[03] [06] 




01*1 B/U CdB] 



(8) 



8-335895 



[07] 




|w^iBila%t^•g 




, T , 



^S: H irM^W^g X 5^ A F«g 



t . . f 

» I 



( 9 ) 8-335895 



